98/25/2003 17; 66 4105731124 MCGINN&GIBB PAGE 03 



IN THE CLAIMS : 

Please cancel original claims 1 8-22 without prejudice or disclaimer. 
Please amend the remaining claims as follows: 

1 , (Currently Amended) A method of forming an emitter in a vertical bipolar transistor 
comprising: 

providing a substrate; [having a collector layer and a base layer over said collector layer, 
said collector layer and said base layer are formed by implantation through a single mask 
formed on the substrate;] 

forming a single-thickness oxide over said substrate: 

forming a single mask over said single-thickness oxide: 

performing multiple implants through said single mask to form a base layer over a 
collector layer within said substrate; 

forming a patterned mask over said base layer; and 

filling openings in said mask with emitter material in a damascene process, said emitter 
material contacting the substrate. 

2, (Original) The method in claim 1 ? wherein said substrate includes an insulator layer 
between a bottom silicon layer and a top silicon layer, said method further comprising: 

implanting a first impurity to form said collector layer in a lower portion of said top 
silicon layer adjacent said insulator layer; and 

implanting a second impurity to form said base layer in an upper portion of said top 
silicon layer. 
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3. (Original) The method in claim 2 r wiwrein said emitter material includes said first 
impurity and said method further comprises annealing said vertical bipolar transistor to drive said 
first impurity into said base to create an emitter diffusion region in said base below each emitter. 

4. (Original) The method in claim 2, further comprising: 

patterning a second mask over said bipolar region, said mask including openings through 
to said base layer between adjacent ones of said emitters; and 

implanting additional amounts of said second impurity into said base layer through said 
openings. 

5. (Previously Amended) The method in claim 2, further comprising: 
forming a protective layer over said emitters; and 

implanting additional amounts of said first impurity into and through said insulator layer 
to provide a collector contact diffusion region. 

6. (Previously Cancelled). 

7. (Previously Amended) The method in claim 1 1 , wherein said substrate includes an 
insulator layer between a bottom silicon layer and a top silicon layer, said method further 
comprising: 

implanting a first impurity to form said collector layer in a lower portion of said top 
silicon layer adjacent said insulator layer; and 

implanting a second impurity to form said base layer in an upper portion of said top 
silicon layer. 



A 



Received from < 4105731 124 > at 8/25/03 4:35:03 PM [Eastern Daylight Time] 



08/25/2003 17:06 4105731124 MCGINNSGIBB PAGE 05 



8. (Original) The method in claim 7, wberdr: said emitter material includes said first 
impurity and said method further comprises ar-^ing said vertical bipolar transistor to drive said 
first impurity into said base to create an emfner diffusion region in said base below each emitter. 

9. (Original) The method in claim 7, further comprising: 

patterning a second mask over said bipolar region, said mask including second openings 
through to sai d base layer between adjacent ones of said emitters; and 

implanting additional amounts of said second impurity into said base layer through said 
openings. 

10. (Previously Amended) The method in claim 7, further comprising: 
forming a protective layer over said emitters; and 

implanting additional amounts of said first impurity into and through said insulator layer 
to provide a collector contact diffusion region, 

1 1 . (Currently Amended) A method of simultaneously forming complementary metal oxide 
semiconductor (CMOS) devices and vertical bipolar transistors on an integrated circuit chip 
comprising: 

providing a substrate: [having a collector layer and a base layer over said collector layer, 
said collector layer and said base layer are formed by implantation through a single mask 
formed on the substrate;] 

forming a single-thickness oxide over said substrate- 
forming a single mask over said single-thickness oxide: 

eerfonning mult iple implants through said single mask to form a base Iaver over a 
collector layer within said substrate; 

forming a gate oxide layer over only said CMOS region of said SOI substrate; 
forming a polysilicon layer over a CMOS region of said SOI substrate; 
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patterning a mask over said polysilicos Ia>er and a bipolar region of said SOI substrate, 



depositing an emitter material in said openings in a damascene process to form emitters; 
removing said mask; 

patterning said polysilicon layer to form gate conductors; and 

forming sidewall spacers adjacent said emitters and said gate conductors. 

12. (Currently Amended) A method of simultaneously forming complementary metal oxide 
semiconductor (CMOS) devices and vertical bipolar transistors on an integrated circuit chip 
comprising: 

providing a substrate; [having a collector layer and a base layer over said collector layer, 
said collector layer and said base layer are formed by implantation through a single mask 
formed on the substrate;] 

forming a single-thickness oxide over said substrate: 

forming a single mask over said single-thickness oxide: 

performing multiple implants through said single mask to form a base layer over a 
collector layer within said substrate: 

patterning a mask over a CMOS region and a bipolar region of said SOI substrate, said 
mask including first openings over said bipolar region; 

depositing an emitter material in said first openings in a first damascene process to form 
emitters, said emitters contacting said SOI substrate; 

patterning said mask to form second openings over said CMOS region; 

depositing a gate conductor material in said second opening in a second damascene 
process to foim gate conductors; 

removing said mask; and 

forming sidewall spacers adjacent said emitters and said gate conductors. 



said mask including openings over said bipolar region 
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13. (Previously Amended) The method in claim 14, wherein said substrate includes an 
insulator layer between a bottom silicon layer and a top silicon layer, said method fiirther 
comprising: 



silicon layer adjacent said insulator layer; and 

implanting a second impurity to form said base layer in an upper portion of said top 
silicon layer. 

14. (Currently Amended) A method of simultaneously forming complementary metal oxide 
semiconductor (CMOS) devices and vertical bipolar transistors on an integrated circuit chip 
comprising: 

providing a substrate; [having a collector layer and a base layer over said collector layer, 
said collector layer and said base layer are formed by implantation through a single mask 
formed on the substrate;] 

fanning a single-thickness oxide over said substrate; 

forming a single mask over said sinsle-thicknass oxide; 

perfoiming multiple implants through said single mask to form a base layer over a 
collector layer within sa id substrate: patterning a mask over a CMOS region and a bipolar region 
of said SOI substrate, said mask including first openings over said bipolar region; 

depositing an emitter material in said first openings in a first damascene process to forai 
emitters, said emitters contacting said SOI substrate; 

patterning said mask to form second openings over said CMOS region; 

depositing a gate conductor material in said second opening in a second damascene 
process to form gate conductors; 

removing said mask; and 

forming sidewall spacers adjacent said emitters and said gate conductors, wherein said 
emitter material includes said first impurity and said method further comprises annealing said 



implanting a first impurity to form said collector layer in a lower portion of said top 
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vertical bipolar transistor to drive said first irr.purity into said base to create an emitter diffusion 
region in said base below each emitter. 

1 5 . (Original) The method in claim 1 3 9 further comprising: 

patterning a second mask over said bipolar region, said mask including third openings 
through to said base layer between adjacent ones of said emitters; and 

implanting additional amounts of said second impurity into said base layer through said 
third openings. 

16. (Previously Amended) The method in claim 13, further comprising: 
forming a protective layer over said emitters; and 

implanting additional amounts of said first impurity into and through said insulator layer 
to provide a collector contact diffijsion region. 

17. (Previously Amended) The method in claim 14, further comprising, before said forming 
of said polysilicon, forming a gate oxide layer over only said CMOS region of said SOI substrate. 

18-22. (Cancelled) 

Please add the following new claims: 

23 , (New) A method of forming a bipolar device on a SOI substrate having a semiconductor 
layer overlying a buried insulator layer to form an interface where a surface of the semiconductor 
layer is adjacent to a surface of the buried insulator layer, comprising the steps of: 

forming a single-thickness oxide over said semiconductor layer; 

forming a single mask over said single-thickness oxide; 

forming in said semiconductor layer a buried collector region through said single mask, 
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wherein said buried collector region is centered ar approximately said interface: and 

forming in said semiconductor layer 2 base region through said single mask, wherein said 

base region is vertically stacked on said buried collector region, 

wherein said buried collector region and said base region are formed by implantation 

through said single mask formed on the SOI substrate. 

24. (New) The method of claim 23, wherein said buried collector region and said base region 
are formed by implantation through a single mask formed on the SOI substrate. 

25. (New) The method of claim 23, further comprising; 

forming a mask having openings on the SOI substrate; 

depositing an emitter material contacting the SOI substrate having a first impurity in said 
openings in a damacene process to fonn emitters; and 

annealing the SOI substrate to drive said first impurity into said ba$e region to create an 
emitter diffusion region in said base region below each emitter. 
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